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[57] 



ABSTR.ACT 



A workpiici such 25 a sirricor.cuc:or wafer is supconed oz 
a :oz r>.g ar.c polishes! by an abrasive cIoLh on aV— :abis 
wn::c l-.: :op ring is being pressed against Lie :im:abie and 
:he TL:rd2z\c and che :op ring are being rocared. Tr.e cop ring 
is coupied :o a :op ring drive shaft, coupled ;o a :::essLre 
cylirdir :*cr pressing :he top ring, and to a motof forVota:ir.3 
the icp nr.g. A spherical bearing is inierposed b^iwesn ihe 
top ring and L-e :op ring drive si-an for allowing the :op ring 
:o aiign wi:h :he upper surface 0: the moving tumcabie. A 
:orc;je -j-ins-^ning racchanisr: is opentiveiy couoled 
ber^-cen :he :op ring arc Lie top ring drive shafi for routing 
'-ie top nng :n sy-cinron: cation with the top riog drive snarl 



21 Claims, 15 Drawing Sheets 
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POLISHING APPARATUS 



3ACKGR0UXD OF THE DsN'"ZNT:ON 
Fieid of ih: Lnvtniion 

Thi prsscn; invention rslaies jo a polishing app^raros, and 
n:o:c pariculariy co a polishing appara'.us for polishing a 
workp'itcc such as i siricocduccr ^^-arcr to a f:a: ndrror 
f:r.ish. 

Dcscnpuon of ihc Rcia:=d ^r: 

Rsccr.: rapid progress in scr\iconduc:cr d:v:cc iniscra- 
lior. dcn:ancs snraiicr and suiailcr wL'ir.e par.cms or inccr- 
conncc'Jor.s and a: so na^^o^^'•cr spaces bttwcr- ic'.crcorjisc- 
dons which conac:: active areas. 0ns o; the prcctssss 
available for forrring such inicrcorjiccuon is photolithog- 
raphy. .-Uihough the phoiolitboeraphic process can fom 
inicrcoa^cctions that arc at most 0.5 ;rr. wide, i: requires 'Jiai 
surfaces on which panerr. i.-nagcs are to be focused on by a 
steeper be as *at as possible because the depth of focus of 
the opdcal systen is reiaiively sxalL 

It is therefore necessary ic make the surfaces of semicon- 
ductor wafers fiat for photclithography. One custonars- way 
of f.anening the surfaces of.senucor.ductor wafers is to 
polish 'Jjen wiih a polishing apparatus. 

Such a polishing apparatus has a :u— .table and a top ring 
which ro:a:c a: resc-cctive individual speeds. An abrasive 
cloth is anached to the upper surface of 'j^.e tumLablc. A 
worloiece such as a serri conductor wafer to be polished is 
placed oc the abrasive cici" and c:an:ped between ir*z top 
ring and the nmtablc. Diuring operation, the top ring zxzrs 
a constant pressure on uie mmtablc, and a siunry-iike ab.-a- 
sive spray is sprayed fron: a nozzle over the abrasive clo±. 
Tne abnsivc spray enters the gap between the abrasive cloth 
and the workpicce. Tr.c sunace of the -A'crkpiece held' 
against the abrasive cloth is therefore polished while the top 
rLng and ±t Turntable are rotaung. 

One known polishLng device of the abovc-descrlbcd tv-pe 
is disclosed in, for exaz:ple, Japanese laid-open paten: 
pubiicauons Nos. 2-273822 ar:d ^-19065. .As sho\^'n in FIG. 
17(c). -jie polishing device disclosed in Japanese laid-open 
paten: publication No. 2-27S322 comprises a drive shaft Si 
having' a spherical sun ace S2 at a lower end thereof, and a 
top ring S4 having a spherical seat S3 which acccnmocates 
the spherical surface S2 of '^".e. drive shaft SI, whereby the 
tos ring S4 is aiiow-d to folicw any tilt in c: a turntable 
surface. 

AS sho^*T in FIG. lS(c). the polishing device disclosed Ln 
Japanese laid-open patent publication No. -^-19065 con- 
prises a drive shaft 91. an interr.ediate n^exnbcr 92 having a 
sohcricai surface 92c fixed to a lower end of the drive shaft 
91. and a top ring 94 having a spherical scat 93 which 
accor.nodatcs thc'spherical surface 92c of the intem:ediatc 
member 92, whereby the toe ring 94 is allowed to follow any 
tilt in of a turntable su.-face. 

Ln the convenuonal polishing appinrjscs of the type 
shown in FiGS, 17(c) and IS(fl), the top rings S4. 94 are 
:i:table wiuh respect to the spherical surfaces S2. 92c as 
shown 'j: FIGS*. 17(^} and lS{b), by the arrow a and 
rciatrrble about thcL: ow- zxzs as i.ndicaied by the arrow B, 
restxctively. Tnat is, the ;op rings 84. 94 can perfom 
respective single n:ovc— cnts indicated by the arrows A and 
B and a con^pocnd ntovcrr.cnt which is a cor.binauon of a 
movement indicated by t::c arrow A and a movement i.^di- 
caied bv -ne arrow B. '---s fo'.lowinc the tumtabii surface. 
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As ir.o^'T. ?iG. 19, whtr. :hc :op rings S4, 94 a;t 
p:;ss£c ugzi'-s: il-.s rj-iable surface 95. *ki:ch is 'wire ::kcd 
tVorr. 1 horlzcniii plar.t a: an angle c ur.dir the force F, 
risptcuvciy, the :c3 nncs S4. 94 riov- by 2.-; arc ienjih L 

5 ^-iih r;sp£c: :o the sphcnci! surfaces 82, 91i, :tsp;c:ivtly. 
Wzzz ±z t^tzhzk: surface undergoes a snul: Liltec 
mc-:, the vl:r:e recuL-cc for ihe top n:c ic "ove thrcugh che 
arc jengih L is shor» Ho-^'cvcr, when -"x cumtablc surface 
uncersoes a large ciUed rnovcn-icni iccaily. ihc longer u^c 

10 circular are length L, and the longer the -drnz requL-ed for the 
•0? rizg ic .novc Lvough the arc Icng'J! L. As a rcsuli. ihe 
lower sun'aci of the :op ring carr.o: sr^ooiruy roliow the 
tiUec nr.ovc-en: cf mmtabie surface, 

5UNL\!.^v OF THE I>VENT:0N 

It is therefore an objcc: of the presen: invcnuion :o provide 
2 poiishini ip^izr&v^s which allows a top ring to s-ooiMy 
foriow t:i:cd r.over.eni cf a moiable, and car. L*-ins*Td; the 

20 :o:cue o: 2 lop ring drlv- shaf: rcHably to the top ring. 

According to :he presen: invcnuon, icrc is provided a 
poUsring appararjs for poiishing a surface or a workpiece, 
con^prisins: a turntable w:*Ji an abrisiv- cio'Ji cnounied cn 
an upper surr'ace Lnereof; a top ring posiucnec above ir.c 

-5 ozmtabie for suppor.ing the -^orkpieee to be polished and 
pressing '>.e ^-orkpieee against the abrasive cloun; a ;cp nng 
drivs shaf: coupled 10 a nrs: actuating nie^ns for pressing the 
top ring ar.d coupled to secoad aerjaiing rr.ear^s for rotating 
the top ring; and a sphericai bearing interposed bctw'cen the 

"'^ top ring and the top ring cnvt shar. for aiiowing the top ring 
to' follow a cinange ;n incMnaucn in line surface of the 
rumtible. 

Tne above-describ'Cd polishing urJt comprises three sepa- 
rate members, namely ±t :cp ring drive shaft, ihe spbericai 
bearing and the top ring, Tnerefore. the top ring car. follow 
tine lilted movc-nen: of Lhe njmtable srr.ootinJy and quickly 
^z:czz*^$z c: a high degree of freedom. Tne workpiece can 
thus be pcusined rigruy accurately 10 a {tat nni,Tor finish. 
Since the top ring rotates Ln syncru-onization with the top 
^ nng drlv; shaft, the f.at mirror nrish given to the workp-ece 
is of a stabie cuality. * 

Tne top ring has a plura:i:>' of suction holes connected to 
a vacuum, source for holding the wor:<piece to a Icwtr 
surface cf the top ring under a vecuum. developed by the 
vacuum, source. Since line top ring rotates in syncinronication 
with the top ring drive shaft, it is net necessa.-* for t,he 
suction hole to be fcrm.ed cenu-aily in the top ring and 
aligned --tih z suction bole formed centrally a:^ia:ly in the 
to? ring drive shaft. Consequently, a vacuum rlne for devtl- 
oping a vacuum, in the top ring to attract the workpiece to the 
top ring can be designed rcadity. 

Tr.c polishing apparatus funher com.prises torque trans- 
mittuig means including at least one tirst pin m.cum.ed on tht 
55 top ring drive shai; and at least one second pin m.ocntcd on 
the topVing. and the f.rs: pin and the second pin are ineid in 
point contact with each ouner tor transmitting a torcue from, 
tine top ring criv- shaft to the lop ring. Tnus, the torque from. 
Lhe top ring drive shci can reliably be tr:insm.::;cd to the to? 
^0 ring through the nrs: and second pins. Furh.cr. damping 
means m.ay be provided on the nrst pin or the second pin, or 
on both of the first and second pins, so :ha: :he v-b.-aiicn of 
the top ring drive shaft is inardly transmitted to the top ring. 
Tl'.c acov: and other objicti. fe^^urcs, xnd advantngcs of 
65 the present invention will bcccm.c 2ppz:c?s from, the fol- 
lowing description of illustr^iiv- tr?.bcd:mcnti tr.erecf in 
conjunction -^ith the ecccmpanyin^ crawi-gs. in wh:eh iii<e 
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BRIHr DESCRPTION OF TrE DR.A\vTN'GS 

FTG. 1 is a iongirjdir.ai scciiona! side view of :hc pol- 
ishing uri: c: orx cr.bocimcn; of 2 polishing apparatus 
accorcinj uit prtscn: invention; 

FIG. 2 is 3 pia-T vi-w of ±c oolishins ;;m: shown Ln FIG 

1; 

FIG. 3 is a panial sccuocai view of Ln- polishing appa- 
ra-us according lo the present invention; 

FTGS. 4(5), and 4(c) arr vie-^vs showing the manner 
in which the polishing unit shown in FIGS. 1 and 2 opera-es; 

FIG. 5 is a longitudinal secuonai view of a poiishing unit 
of another cmbodi.TiCn: of aociishing aooaratus according to 
the present invention; 

FIG, 6 is a schematic view showing the manner in which 
a sphencai bt2rir.% of the polishing unit operates; 

FIG. 7 is a iongicudinai sccdona] view of a polishing unit 
of sui: another embodiment of a polishing apparatus accord- 
ing 10 the present invention; 

FIG. S is a plan vi-w of -iie ooHsring unit shown in FIG 

7; 

FIG. 9 is a cross -sccuonal view of a bearing ucit of a top 
ring drive shaft according to the present invention; 

FIG. 10 is a cross-sectional view of a pressure adjusting 
mechanism for establishing the pressure distribution at a 
lower surface of a top ring in a polishing appararjs accord- 
ing to the present invention; 

FIG. 11 is a longinidinai scctionai view of a top ring of a 
polishLng apparams according to the present invention; 

FIG. 12 is a IcngitudinaJ sectJcna: view of a ton of 
another embodiment of a polishing apparatus according to 
the prescn: inv-nuon; 

FIG. 13 is a iongitudina] scciional view of a top ring of 
still another em.bodi.ment o: a polishing apparatus according 
to the present Invention; 

FIG. 14 is a longitudinal secuonai view of a u^ansferring 
device tncorporated in a poiishing appararus acccrdins to the 
present invention; 

FIG. 15 is a schen:atic view showing the manner in which 
the transferring device shown in FIGri4 operates; 

FIG. 16 is a schen-.atic view of the relishing apparaois 
shown in FIG. 14 combined with a washing unit; 

FIG. 17(c) is a schem.atic view of a ccnventio.nai coiish- 
Lng unit of a polishing appararus; 

FIG. UCo) is a view showing the m.anner in which the 
polishing unit shown in FIG. 17(c) operates; 

FIG. 1S(g) is a schematic -view of another co.nveniional 
polishing urut of a poiishing device; 

FIG. lS(o) is a view showing the manner in wiiich the 
polishing unit show-n in FIQ. 13(c) ope.-ates; and 

FIG. 10 is a view showing the manner in which the 
polishing u.nits of the conventional poiishing ant:aratuscs 
shown in RGS. 17 and IS operate. 

DETAILED DESCRIPTION OF T¥.E 
PREFERRED ENmODLMENTS 

As shown in FIGS. I and 2. : poiishing urit of a polishing 
appirr.us according :o the p.-cUnt invention comprises a 
vcnica: tec ring drive shaft 1; a woricpicce suppo.-.ing and 
pressing .mcm.ber comprising z top nng 3; ar.d a spherical 
bearing 2 inte.-posec between -s.z :op ring drive shaft I and 
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:hc :c? rizz 3. The lop rir.g cHvc shin I zzs i ccr.u-z: 
spher:c2] :onc2vc surface is iorrr.tc :r. a iowc: snd 'j^ircof 

• and heic in siicirig con:2c: :he sphercoi ber^ng 2. Tn* 
top Hng 3 comprises an upper :op ring rze.T.bc: 3-1 zr.z a 

i iou'er :op nng -c:::ber 3-2 a:uched io'±z iowcr s-rface o: 
:h£ upper ;op ring merr.ber 3-1. T?.t upper tc^ hns -enber 
3-1 has a ccr.u-ai spbcricil concave surface 3- la lonnec in 
an upper surface thereof and held in slicing cc=:ac: with ;he 
spherici! bcarng 1 A wafer retaining nr,i 5 is n-.ocntec on 

10 a iower surface of ihz lower top ring "ember 3-2 aionr its 
ou:cr crcumferen'.ia: edge. 

The lower top r:ng member 3-2 has a plurality of vcrJcal 
suction notes 3-2c formed therein. The vcrJca: sucuon holes 
^'-^ oztr^zi the lower S'urface of ihe lower -.op rng 

15 member 3-2. i ne upper top ring member 3-1 has a plurality 
of suction grooves 3-13 fonr.ed therein and com.municating 
wiih "Jne suction holes 3-2c. resDeciiveiy, and a oiuraiity of 
suction holes 3-1- (four in une illusL-atec em.bodim.ent) 
2nd comjnunicaiing with the suction grooves 

20 3-lb. inc suction holes 3-lc are corjiected through rube 
couplings 9, vacuum line tubes 10, and tube couplings 11 lo 
a cenL-al suction hoJc lb forced i-xially centrally irfthc too 
ring dnve shaft 1. ' ^ ' 

Tzz top ring drive shar: 1 has a radially outwardly 
extending fiange Ir on tcs lower end from, which a plurality 
of torque u-ansm,ission pLns 7 (four in the iuusLnted embodi'- 
ment) exiend radiaJly outwardly. Tne upper surface c: the 
upper top nng micmber 3-1 has a pluraiiiy of :c:cue u-ans- 
missicn pins S (four in the iilusunated em.bodim.enO project - 
ing upwardly i-:o poin: contact with the ;0fcue L-ansmission 
pins T, respectively. As shewn in FIG. 2. when une -op ring 
drive shaft 1 is rotated abou: its own axis in the direction 

• indicated by the arrow, the torque trar.smussicn pins 7 arc 
held Ln pcin: contact u^lth the torque -^ansmussion pins S. and 

j5 cause the top ring 3 to roi2:e. Even if 'ine top nn; 3 is tilted 
relatively to the top ring drive shaft 1. the tcrcue ransmis- 
sion pins 7. 3 remain reliably Ln poin:-to-pcini* contact with 
each o*vher, ai-ncugh ihey m.ay contact each other at direrent 

positions a- long as the too r.zz drive shaft 1 ts rotated. 

^0 ^ . . - 

A semuconductor wafer 6 to be polished by the polishing 
apparatus is accomim.odaied in a space de.nned between the 
lower surtace of the lower top ring m.em/cer 3-2, the Inner 
circumjerentiai edge of the w'afcr reuining ring 5. and the 
upper surface of a turntable 20 (see FIG. 3). The turntable 20 
has an abrasive cloth 23 c.i'^c^szt on its uctrer surface for 
polishing the lower surface of the semiconductor wafer (1. 

Ln operation, the rumtabie 20 is related and the top ring 
drive shaft 1 is rocated. Tnc torque of i^e top ring drive shaft 

«Q 1 is L-ansmJued to the top T.ni 3 tlvough point contact 
between the torque transmission pins 7. S. thus rctaung the 
top ring 3 with respect to the rumtable 20. T-.e semicon- 
ductor wn:%- 5 held by uhe iop ring 3 is thus polished by the 
abrasive cloth 23 on the tum.:abie 20 to a nat m.irrcr f.nish. 

55 A top rng holder is m.ounted on :hc nange \z of the top 
ring drive shaft 1 and f..xed :o the top rng 3 by a plurality 
of vcrica: bo:;S 41 which extend trj-ough said top rlnij 
holder 4 ar.d are threaded into 's.z upper ■on ring m.em.ber 
3-1. Com.pression coil springs 42 x-e :n:erposec between the 

£C heads of the bolts 41 2nd the ;op ring hcidcr 4 for normally 
urging :h; top ring holder 4 to be held downwardly against 
the Hangc \z, W'r.zr. the top ring drive snaft 1 with :he ton 
ring hcidcr -i is licvated. :he com.:;rcss:on ceil sorings 42 
serve to keep the tcp r-.- 3 hcri-onuiiy for thereby facili- 

£5 taiingnttach.-nen; and removal of :hc :;crr.:cuncuc:cr -^-afer 6. 
FIG. 3 shows the polishing appamiji -^hicn incc-pcraies 
the polishing unit shew- FiGs! 1 -ru 2. As shown in FIG. 



3. ".he :urr.:ablc 20 is supponad or. z ccnirsl shaft 2i zsid h 
roiitisle ibou: Lhc axis of :hi shaf. 21. A lurr.'jibtc rj:e 22 
for ?rcvcr.u::s a $!urr>-li;>:c abrasive spray or Lhj ii;<; 
bciri scar^trcd arou-c is Tiour.;iZ on 'jit upper s^jirfscc of 
Lie lunLSbis 20 clone i*^ cjisr cL-curitrir.iisI ccec. Tii 
abrasive cloch 23 is posi;icn=c on 'jppt: surics o; Lnc 
nmtabit 20 raciaiiy inwirdiy of ih; n:niubii nng 22. 

Tr.c poiishLng jni: shown in rIGS. 1 and 2 is Ioca;:d 
abcvc :hs nznitsbic 20. The top ring 3 is pressed agains: the 
umiable 20 under a constan: pressure by a cop ±:g cylinder 
12 wbich houses t slidabli piston ihr. is ccnnecied :o the 
upper end of ±c top ring drive shaf: 1. Tzt polishbg 
appanms also has a -op ring ac:ua:or 13 fc: rc:aiij;g the lop 
ring drive shar. 1 trough a u-ansr.ission n:cchard sm coci- 
prising a gear 14 fixed to :he top ring drive shaft 1, a gear 
16 coupled to the outpu*. shar. of the top ring actuator 13, and 
a gear 15 meshing w:;h the gears 14, 16. .A-n abrasive spray 
ncziie 17 is disposed a'oove ihe r^rtitable 20 for spraying ^n 
abrasive sorav Q onto the abrasive cloth 23 on -jie rumt2ble 
20. •* * ■ • 

Tee polishing apparatus operates as fo!:o*-s. Tne sen-i- 
conducior wafer 6 is attached under a vacuun: to the lower 
sunace of 'j:e lower top ring mcT.ber 3-2, and pressed 
against the abrasive cloth 23 on the lumtabie 20 by the top 
rig cylinder 12. At this tirie, ±z turr.tabie 20 is rotated by 
the sha^ 21, and the top ring 3 is rotated by the top ring 
acniator 13. runner, the abrasive spray Q is sprayed from the 
abrasive spray noziie 17 onto the abrasive cloth 23. The 
ejected abrasive spray Q :s retiLned by the abrasive cioth and 
applied to the lower surface of the ser:: conductor wafer 6. 
The semiconductor wafer 6 is pcMshed in contact wiLn ±t 
abrasive cloth 23 impregnated w::h the abrasive spray Q. 

Vr'nen the upper stuface of the nur.tabie 20 is slightly 
tilted during poHshing of tl-e semiconductor w-af-r, :he top 
ring 3 is tilted about the spherlcai bearing 2 w-lii: respect to 
the top ring drive shaf: 1. However, since une torque irans- 
mission pins 7 on the top ring drlv- shaft 1 arc held in 
p-oint-to-point contact w::n ±t torque u-ansrission pins S on 
Lhe top ring 3, the torque from the top ring drive shar: 1 cm 
reliably be transmitted to the top rLng 3 tlvough the torque 
transmission pins 7, S, although ±ey may contact each other 
at difcrcn: positions. 

FIG. -i shows an operation of the pciishing urit of ±e 
polishing apparatus sho^m in PIGS. 1 ihj-ough 3. As shown 
in FIG. -iCa), the polishing urit comprises of three separate 
m^em.bers, nam.ely a top rrc drive shaft 1. a sphe.-ica! bearing 
2 and a top ring 3, The spherlcaJ bearing 2 is m^ce of 
ceramics, and the top ring drive shaft 1 and the top ring 3 
have rcspccuve contacting pcrions m^de of stainless s;eei 
which contact -nc sphcrcai bearing 2. respectively. 

Therefore, as shown Ln TIG, ^{b). the lop ring 3 is uhabie 
wiCn respect to the s?her:ai bearing 2 as indicated by ihc 
anrow a and rctatabie about :t5 own axis as indicated by the 
arrow 3. r^:nher, the spherlcai bcarnc 2 is roiaiable a'oout 
its own center as indicated by Lie arrow C Since the 
sphcricai bearing 2 capable of performing a free movem^eni 
is interposed '>etwcen the top rir.g cnvc shaft 1 and the icp 
ring 3. the degree of freedom, is greater thar. that in the 
co.nvcn'ional apparatuses sho^^m in FIGS. 17 and 18. Thus, 
the top ring 3 can perform, respective single movcm.ents 
incicard by the amows a. 3 and C as well as com.po-jnd 
mov-.T^ents which are a corr.biraiion of :he single m.ovc- 
m.cnts. thus enahiir.g u-c nolishing urj: :o follow :hc ?jm.- 
tablc surface sm.oothly .in: C-'ici^jy. 

Vv'-ien ;he :op rir.r 3 :s pressed against the tum.tabic 20 
which :s b'zir.r 'S.\zt frc~ : :;on:on;al plane a: an angle a 
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•jndc: :hc fores r 2$ show- in rlC. 4(c), l-.c top 2 r.ovts 
by ar. sppiren: circular arc lensi*: L, Sines :r.c sphcnczi 
bearing 2 has degrees of freedom wiLh respec: -c oniy ihc 
:op rir.g 3 bu: aisc -he ic? ring dive shcr. 1, C-.e sphe'nczi 

5 bearing 2 C2r. novc wiL- rescue: to Cit cop nr,g civc sha/: 
i. The :op rir.g 3 r\c :he :cp nr.; drive sh2f; 1 have 
respective coniac-in^ pcnions which con:ac: the spherical 
bearing 2 ir,c have the san-.e coc£?.c:en: of friction. There- 
fore, when ihe :op rin| 3 :s being lil'jzd by an angle a wi:h 

to respect 10 the turntable scnacc, ihs spherical bearing 2 
ntovcs by an arc length Ul with respect lo the to? fji% drive 
shaft 1 and -jte ccp rLng 3 can aJso ntovc by an are length L'2 
wiih respect to the sphericai bearins 2. Tnus. the top nng 3 
can foilow Ln* lumLiblc surface in one-inal: the time of ihe 

15 ccnventicnai ooiisining aooararjscs shown :n FLQS, 17 zzz 
18. 

Funher, when ihe top ring 3 is pressed against the abrasive 
cioth 23, vibration nay be generated due to friction bciwccn 
Lhs semiconductor wafer 6 and the abrasive cloth Hipeciaiiy. 
20 as the friction 'oetween the top ring 3 and the abrasive cioth 
23 is varied from static friction into icneiic friction at the 
begirjiing of ro'-aticn. stick-slip occurs lo titcreby cause 
roiationai LTeguJarity. resulting in vibrrJon of the top ring. 
Ln {hz conveniional polishing apparatuses shown in rlGS. 
25 17 md 18. vibration caused by the rotation of the tumtabie 
is easiiy trznsrined to the top ring dnve shifu 

According to the present invention, vibration caused by 
the rotation of the turntable is hardly transnr.itied to the cop 
ring drive shaft 1 because the sphencai bearing 2 has a 
degree of freedom in a rotational cL-ection wiun respect to 
Lhc CCD ring drive shaft, 

FIG. 5 shows a polishing unit of a mccined embcdL-ncn: 
of -jic present invention. As sinowa in FIG. £, the pciishing 
unit has a top ring 3 which is devoic o: cny suction holes and 
suction grooves, and a top ri.ng drive shai: 1 thai has no axial 
suction hole. Tinerefore. the top ring 3 shown in FIG. 5 is 
unable to attract a scrri conductor wifer 6 to its low;r surface 
under a vacuum. Ine ou^er details o: the polishing unit 
^ shown in HG. 5 are identical to those of the polishing unit 
shown in FIGS. 1 and 2. Even though the top ring 3 cacnot 
ar.-ac; the semiconductor wifcr 6 under a vicuum. the 
polishing unit is stiii capable of poiisining tine semiconductor 
wafer 6 to a nat ml-ror Hnish. 
45 Vvncn a semiconductor wafer is polished to a nai mircr 
nnish by the above-describcd em.bodimen-s, the outer cir- 
cumferential edge of the semiconductor wafer is prevsnted 
from* being excsssivciy rounded. More sp-ccincal-y. inas- 
much as the top ring 3 is supported on the lower end or tl^.s 
<0 ^op ring drive shaft i tlirough the spherical bearing 2. 
stresses arc developed in Lhe top ring 3 in directions iQws.-d 
the ccn;cr 0 of une spherical bearing 2, and tine magnitudes 
o: those stresses aw2y from, the cen:cr 0 of the sphsricai 
bcarng 2 are sm.allcr than those near the center 0. as shown 
*< in FIG. 6. 3y cinocsing a to? ring 3 of a suitable rigidity, 
linose pcnions of the top ring 3 distant from the ccn:er 
tinereof arc deformed upwardly 2s indicated by the dot-and- 
dash lines in FIG. 6. As the pressure is concentrated near the 
center of the top ring 3, the ou;cr circumt'cren'iai edge of the 
fiO semiconductor wafer may be pr-^vcnicd from being cxces- 
siveiy ground off. 

In uhe embodiment shown ir. nGS. 1 and 2, :he torque 
transmission pin 7 on the top ring urivc sha:*: 1 co.r.acis the 
torque transmission pin 8 on the top nn^ 3 cirec:ly. -.virsreby 
65 vibration of the top ring drive sr.zi: 1 is c:'.'cc:!y L-ar.smii:ec 
to th: top r.nz 3. thus acversciy z\:tz:ir:z polishir.g of ;nc 
semiconduc:cr ^-zfz:. In order :o p:c-.c:-: vibr::uon from 

8 
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trice irar.jruvicd fron ihc top nng drive shzf: I :o itc top 
ring's, an ciisv.c rztnbt: 31 such as i rSzzt: r.;nb*r is 
nour.:id, is shown in FIGS. 7 and S, cn ;h; icrcut ms- 
rissior. pir. 7. sc 'j-.s: ihc :c:rjc L-2.ns mission pin 7 engages 
u-:e ;orcuc u-ansmission pin S inrough *.hc cias'J: member 31. 
Tr.z vibrauor. of chc :o? 'nr.: drive shar. 1 is absorbed by -jtc 
ciz5*ic member 31 aad is hardly u-ansmined :o :he ;op ring 
3. Tni ciasuc m.embcr 31 may be moun:;d on ihe lorcus 
uar^missicn ih, S, or or. bor. or ±z :orqu; ransmissicc 
pins 7 and 8.* 

Ln order :c dam^per. vibration of 'Jte :cp ring drive shar. 
mxre euec:iv;:y, ar. 0-ring 32 is interposed, as shown in 
rlG. 7. berwten a radfai bearing 33 for supporing :he lop 
rir.g drive sha:: 1 and a s'-a*icnar>* member 35. f.xed lo a 
frame (nov shown), for supporting the radiai bearing 33. The 
0-ring 32 consu:u:es a damping mechanism which dampens 
ihe vibration of the lop ring drive sha:: 1. 

FIG. 9 shoves ano'Jter dam.ping mechanism. 34. As shown 
in FIG. 9. :wc O-r-.^s Zl-l] 32-2 which are sozzzi from 
each other are interposed between the radial bearing 33 and 
the stationar.' mem.ber 35. An oil rescrvoL- 35 is provided to 
s-ppiy oil R to a space czzT.td by the 0-rings 32-1 and 32-2, 
Ehe radial bz2r.T.z 33 .and the stancnan;- mem.ber 35. 

The vibration of ±e top ring drive shar. 1 is absorbed by 
the damping m.ecnnnism 34 comprising the O-r.zgs 32-1. 
32-2 and the reser/oir tani: 36 for supplying oil R to the 
space denned by the 0-rings 32-1, 32-2, the radial bearing 
33 and the stattcaarv m,e,mber 35. 

In FIGS. S and 9, the dampi.ng m.echanism ccm.prising the 
Oring 32 (FIG. S) or the damping m.echarism, 34 (FIG. 9) is 
provided between the radia: bearing 33 and the itaticnary 
m.em.bir 35. Ho -ever, the cam.pLng m.echarism. m.ay be 
provided between the top ring drive shaft 1 and the metal 
bearing 33. 

:c order to polish Une workpiece uriformJy, it is necessary' 
to cquaiiae the press-re distribution of :h; lever surface of 
the top ring 3. FiG. 10 shows a wor:<p:ece s-pponing and 
pressing m.em.b=r that includes, in addition co the top ring 3. 
a pressure adjusting .mechanism for dismibuting thu-jst 
ccually over the lower sur ace of the :op ring 3. Tne pressure 
adjusung m^cm.ber 37 is intcn^osed between the sphericai 
'DZ2S',r.g 2 and the top ring 3. The pressure adjusting m.ember 
37 has a cL-cular upper projection 37c at an upper surface 
tliereof and an annular lower projection 37j at a lower 
surface thereof. Tec upper projection 37c has a c:ntrai 
spherical ccncav: surface fc: accomunodating the spherical 
bearing 2. and the lower projsction 373 contacts the upper 
sur.-cce of the top ring 3. The pressure distribution of the 
icwer surface of the top ring 3 is established on the basis of 
the a::a cf the lo - er projection 373 and the top ring 3, That 
is. in FiG. 10, the pressure distribution of the lower surface 
of the top ring 3 is estabiishcd by the ratio (d'D) cf an inner 
diameter (d) to an outer diameter (D). Incidentally, in riG. 
10, a desired pressure distribuuon at the lower surface of the 
top ring 3 may he established by maicnc d=0 and stltcting 
an appropriate outer diamxter (D). 

The pressure adjusting m:chinism is not limited to the 
pressure adjusting mem.ber 37 shown in FIG. 10 but m*ay 
zorr.zr.sc an air hag or the lixc wpjch is provided be; ween 
:hc pressure adiusting m.em.ber 37 ar.d the top .nn: 3 and 
zxz^ 1 un:form:y dl%'jib\::zz pressure cn the upper surface 
of the :cp ring 3.* 

In \r.z em.bodiments shown in FIGS. I and 2. and FIGS. 
7 and S, the top ring 3 has a plurniity of suction hoiis lo 
attrc:: :n: sem.iconduc:or wafer ^ ■htre:c. FiGS. 11 --.rough 
13 shc-.v- ditlerent top ri-gs eeeorc-rc to various embed:- 
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rrxnts of ihc prcssni ir.vcr.uon. 

In FIG. 11. ; lo? ring 3 is c: 2 -jrJii-v' sLn:crj- zr.d has 
£ pluraiiiy c: sucdon hciss 3: (four ar* provided (n ±t 
cinbodimcr.:; each r.sv.ng a ;i3c:cd iowcr end ^v'hosc cir«. 
5 t:zT D Hir.gcs frorr 0,5 rrjr. to 1.0 ".t. ar.d w:-::h is cocn at 
ths bcworr. surface of chc cop r-ig 3. Tnc suciion holes *3"c 
cor.-uniccic w::h ihe respcerive vacuur* :ir.e i-jbes 10 
throuch :ht :^Szt coupiinzs 9. 

According :o :hc cnbocimc-: szo^v. in FiG. 12, a top 

:o nr.g 3 comprises ar. upptr top r.zz ncrr.bcr 3-1 ar.c a iowcr 
top dng -e.Tbcr 3*2, Tre lower :op nr.g nicr:ber 3-2 has a 
piural::y of suciion hoiss 3-2- havin^ upersc iowcr ends 
opening 2: :he iowcr surface Cnereof. The upzz: -op ring 
mer'.btr 3-1 has a piuraliiy of sueiion ^oovei 3-13* eom^ 

15 mun;ca::ng wi:h r.c respec-Jvc surior. hcies 3-2^. Tr.e 
suciion grooves 3-li also co-r/ur.ica-e with ihe four suc- 
tion holes 3«lc L-.a: are formed :n ;hc upper top nng mc.-nbcr 
3-1 and held in ccrp.T.uricauor. wi:h ±c respective vacuux 
line rubes 10 :rjough the rube couplings 9.' 

In FIG, 13, a top nng 3 comprises an upper 100 ring 
member 3-1 and a lower top ring m.em.ber 3-2 which is 0: an 
annular shape. A top ring piax 3.2':: m^de of a porous 
ccram.ic spray with a zmziozt of pores is filled in :he lower 
to? ring mem.ber 3-2'. The upper to? ring m.em.ber 3-1 bus a 
plurality 0: sucion grooves 3-13 eommunicatinc wiun the 
pores c: the top ring plate 3-2 c. Tne sucuon grooves 3-lo . 
also comm.uruca-e wiih the four suction hoics 3-lc -ha: are 
form.ed in the upper top ring m.em/oer 3-1 and held in 
commuricaiion with ihe restjccdvt vacuum, line tubes 10 

>3 through the rube couplings 9. 

Nex*^ a ransfemlng device 66 incorporated tn the polish- 
ing appararus for transferring a semuconducior ^i:t: :o and 
from. *jie top ring will be descr:bed beloa- wiun reference to 
rlGS, 14 through 16, In FIG. 14. a disk-like base 51 has a 

' piuraliw of supports £2 ac the upper crcumjcrcntiaJ surface 
Oiereof. A pad 53 is attached to the supc-or. 52. A suction hole 
52^ and a sucdon hole 53a are fcrm.ed tn ±t suppon 52 and 
ihe pad 53, rsspeetively. Tne suction hole iie and '^e 
suctton hole 53e which corrr.uruca-e 'A-ith each ou:cr also 
com.municate with a vacuum tine rube 55 through a ccupline 
54. 

The base 51 is ilxed to an upper end of a shaft 56 whJch 
is siidably supponed by 2 s:eeVt.li:<t bz::r,nc 57 f.xed :o a 
bearing housing 5S, A spring 60 is interposed betw-n the 
shaft 56 and 1 spring retaLner 59 fjced lo uhe bearing housing 
5S so -hat the shaft 56 is urged ^^^^z^'iily. Taz spring retainer 
59 has a uhread. on the outer periphery tlnrcad. which is 
threaded into a tapped hole fonr.ed'in -ie bearing housing 
58, Nuts 62 are trj-eaded ever the lower end of 'iie shai: 56 
and contact a stopper 61. and hence the shaft 56 is prevented 
. from, being lifted by the spring 60. The bearing housing 5S 
is nxed to a ior^'zrz end of an a.— 63 which is moved up and 
down by e:iv2ior ^^4 as shcwr. by the arrow- 2 in FIG. 14. 

*< Tne *-ransferrl-c device 66 oce.-ates as follows, a semi- 
corductcr wafer 6 is pieced on the pad 53 and is atracted to 
the pad 53 when the vacuum line tube 55 is commurJcaies 
with a vacuum source (not showr,). When a pressure such as 
an im^pact ,"orce is applied to the base 51 tlvough the pad 53 

50 2nc the support 52. the shaft 56 is iowercd :gainst the urging 
.^*orce of the spnng 60. That is. ;hc slecvc-Ml-tc bearing 57. the 
bearl.ng housing 5S, the spring rcjuncr 59 and the sprng 60 
jointly ccnsutute a shock absorber. An O-.-lng Slcis inter- 
posed between the suppo.-: 52 and the base 51 (0: ejecting 

^5 a sez: thzrebstw^cn. 

FIG. 15 shc^vs :he manner - Ani:h the trunsfcrr^ng 
device 6(j show.- in FIG. 1- ccc-tcs. v.'iicn the top ring 
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drive izzr. 1 is cltvar-d togtthcr wi:;-. the tos ring 3 and 
top rlzg holder 4. chi spring 42 -iir.LiirV u-.c •osTinc's 
horizon-.aily. inis rjacticn is cfcrJvt :c L-izs:sr iht scrri- 
concuctcr u-rer 6 from :hc top r>e 3 :ci r.;x: orcciss/or 
^ror: a prscicLr:c process :o C-.t :op rinc 3, 

Tc anric: l^c scrr.icor.cucccr ^-^'z: 6 tc U'.i io^cr sunace 
o: Lie top nne 3, ihc suc:ion hole orovidcd 2- Lie cer.rai 
por.ion o; s,z ccp ring drive sY.zr. 1 coriimudcr.es -^-iihThe 
Vacuum source, L-.ereby aspiraur.g zis ihrcugh C^.e succion 
holes 5-2r of the lower :op ring member 3-1 A: 'Jiis -iz-.e, 
:he sem.iccncucior - are: 6 placed on pid £3 is eievacid 
by ciev2:or 64. Vv"--- the semiconductor afer 6 reaches 
L-e icwer surface of :he :op rine 3. -Jne semucor.cuc:or wafer 
6 is airacied :o 'Jr.t low- surface c: :he :cp ring 3 by ;hc 

A: this ume, :he base 5! is subjcc: :o i ccw-nu-src force 
ar.c is pushed down, but l-us force is absc:*:xd by uhe 
downward m»ovcmcr.t of Lie shai- 66 agaics: :he ur^ing'force 
of Lhe spring 60. Therefore, the semiconducrcr warV I is nc'i 
subjec: :o zr. im.pac: force. When *j\z scmiccnducccr w£:cr 6 
is L-a.nsferred from. :he ;op rbg 3 :o liic G-ar.sfcrnng device 
66, ±e pad 53 is broush: :nio comae: with Lie lower surface 
of '.iic sem*:conduc;or wiftr 6. sim.ultaneousiy [ht sucuon 
hole ia is discorcected from ±t vacuum source, and Lie 
vacuum, line iub« 55 com.m/unicates wiLi Lie vacuum source. 
Hence, Lie semiconductor wafer 6 is a:L'ac:ed :o the pad 53. 
1:2 A: -JUS dm.e, even Licugh Lie base 51 is subject to a force and 

pushed dcwr.wardiy by the :op ring 3. liiisVorce is absorbed 
: by dowmwsrd m.ovemen; of Lie shaft 56 against Lhe ursine 

force of Lie spring 61. Tnercfore. liie seniicot-ductor wa/-r 
6 is noc subject ;o an impact forcc. 

Slcce Lie polishing apparan:s is provided with the rans- 
■ firring device 66 inciucLig the shccic absorber, ev=n a 

stepping motor is used as a driving m.otor of the elevator 64. 
\:l the stepping motor docs not iocse synciiron:sm*. Tne shock 

absorc^r is no- limited :o a m.eciiarism. using a soring but 
may utilize vanous m.eciiarism^s which can absorb an im.cact 
fcrce when the semiconductor ^lic: is L-ansfem;d, 

FIG. 16 shews Lie pciisiiing apparatuses sho'-m in P.QS. 
14 and 15 com.bined 'with a washing untL 

As shown in rlG. 15. the L-ansferring device 66 is 
■i disposed at a loading side of the scmiconducror wa::r. the 

trarsferrtng device 66 and a washing unit 70 are dlscoscd at 
an uricading side of the scmicocductcr wa/er, 'and the 
cumiabie 20 is disposed be:'-ecn ±t loading side and Lie 
unloading side. NVhcn the arm. 63 is elevated by the elevator 
64, Lie semiconductor waj'cr 6 placed on the L^isfemina 
device 66 is atL-acted to the lower surface of Lie loo ring 3* 
%v:ii:c :h; lumLLble 20 is being rotated by a motor" 68 
through a unnsmission m.echanism, 69. tiie semiconductor 
waf;r 6 is attached by a vacuum, to tiie lower surface of Lhe 
;op ring 3 and is pressed against the abrasive cloth 23 on tiie 
rumtabie 20 by the :op ring cylinder 12. Tie semiccncuctor 
wafer 6 is polished in contact w-iuh :hc abrasive cicth 23 
im.pregnated with Lhe abrasive r.aterta:. During Lie ocem- 
tion. the :cp ring 3 is rotated and the semiconducior --afer 
6 is brought inio sliding contact wiih u:e abmsive cioth 23. 

After Lhe semiconductor u.-afe: 6 is polished, tiie semi- 
conducicr wa:*cr 6 is received by Lie L-ansfering d:vice 66 
a: ih: unicading side. Tie sericonduccr wafer 6 on Lhe 
L-ansnrrrr.g device 66 at :hc L-nicad side is conveyed to the 
w22hjng unit 70 by lowering ihe arm 63. Tic washing un:: 
70 is provided wiiii z lariv 71 for comairing wasrinc 
solution W such as pure u e;er, ar.c feed rollers and washing 
rollers 72 c;sccscd i- the tan< 71. The semJcondueto: -^afer 
6 is -Aashcd while being cci^cyec b^• feed roiitrs and ute 
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wii'ii-g rollers 72. 

Yv'orkricczs '--.i: cm be polished by ±z pciishi-g appa- 
ratus accorcir.c :o ±c prcsin: ir.vtndon irz no* iLTJicd :o 
scni:cor.cuc;or *i*z:i:s. 

^ Tnc poiishir.g ^pparacus sho'-T. in FIGS. 1 :hro'jgh 16 
one: 'j:z following scvsniagts: 

(i) Ths Jop ring 3 and ihz ic? rir.s cnv* shan 1 rotate in 
iyr.chro-izauor: wiuh each orher while the :op ring 3 
foUows any zitec movexen; cf ihe r^'^uble 20. Con- 
13 sec'jer.iiy, :h; serriconcucior wafer S can b<s polished 
highly accuraiciy to a na: rrirror finish, and Lhe c/jaiiry 
cf :he pciishec sunace is made stable. (2) Since ihc top 
rlnc 3 and :hi ;op ring drive shaf: 1 rotate in synchro- 
nism '-ith each o:her, a vacuum line extendin: from Lhe 
15 top rinc drive shaft 1 lo ihc top ring 3 and a pressure 
line for applying a pressure to zrzss the top ring 3 
agiins: ine tumtabie 20 cen be designed easily and 
freely without undue iimiiations. 
(3} Since the torque L-ansmission pins 7 on the top ring 
20 drive shar, 1 arc held Ln point contact wiin the torque 
u-ans mission pics 8 on the top ring 3. the torque from 
'he top ring drive shifi 1 can reliably t< transm^ittsd to 
the top ring through the transm.isiion pins 7, S. although 
ihey may contact each other a: diferent positions. 
25 Further, cam.ping m.eans m.ay z< provided on the torque 
transmission pLns 8 on the cop ring 3 or on tne torque 
iransmussicn pins 7 on ihe top ring drive shart 1, or on 
both o: the transm.issicn pins 7. S. whereby vibration of 
the top ring drive shaft 1 is hard]y L-ansmut:ed to the top 
30 ring 3. Since ine dam.ping means m.ay be provided 
betw-in the top ring drive shaft 1 and the racial bearing 
33. or between -Ji* radial bearing 33 and the staiicnary* 
m.em.ber 35, vibraiion of the top ring drive shaft 1 is 
hardly ransmitted to the top ring 3. Cocsequentiy. the 
35 sem.icor.ductor wafer 6 can be poUsbed richly accu- 
rately to a *at mirror nnish. 
{^) Since the pressure adjusting m.eans may be provider 
b<tw-een the sphencai bearing 2 a::d the top .-ing 3, une 
c res sure at u:e lower surface cf Cne top ring 3 is 
disvtbutcd equally, and thus the semiconductor wafer 6 
car. be polished higriy accurately to a fat mirror nrisb. 
(5) Since shock absorbing means may be provided on the 
transferring device 66 for cansferrlng the scmicond-jc- 
tor wafer 6 to and from the top rng 3, a com.plicated 
pressure adjustment of the top ring cylinder 12 for 
pressing the top ring 3 is not req-uired. ruriner. :be 
semiconductor w-afcr 6 is protected from. p.'-css-.L^e- 
induced cam.age when the top ."Ing 3 is pressed agai.nst 
■he semiconductor wafer 6 when the semiconductor 
wafer 6 is iransfcmcd. 
Although cenain preferred cm/codimxnLs of the present 
invention have been shown and described in detail, it shc-jld 
be understood -r.at various changes and m.odineations m.ay 
be m.ade therein vv-e.cut ccparLng from, the scope of i-.e 
" zppzr.czt claim.s. 

What is ciaim.ed is: 

1. A polishing apparanis for polishing a sur'acc of a 
wori;piecc, com;prlsing: 

a n;m.:abie having an abrasive cioth at an upper surface 
thereof: 

a workpiecc supporing and pressing miem/ccr for supnor.- 
ing the workpiece to be po!:s^.ed ar.d pressing the 
workpiece against said abr^ivt clc:h, said workpiece 
£5 suppcring and pressins m.em.ber compr^.sin'^ a top ring 
posi^icnec a'oove said rj,m:able; 

a top rng drive shej't coupled to ^aic xp nrg; and 
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a sphsnc:: bizhni L-,itrpo$cd bciwccn siid work?:scc 
supcor.ing r:ci pressing .T.cn:bcr and siic :o? ring driv- 
shr:, said spherical bcarjig cortprisir.g sohcricai s£a:s 
fonr.cd in said workpitcs si; pp on in g "rid frcssi.':; 
w.crr.a:: ar.d n said top rir.e drive shar., rcspcc:ivciy. 
ard a sjrgis sphere seated in said scats so as ;o allow 
said ;op rr.glculTupon changes in the incHnation of 
said upper surface of said r^muibic, the radius of said 
sphere being subs'JLr.uaiiy tbe sanze as 's:t radius of 
curvarjre of each o: said spherical seats, 

2. Tne polishing appararjs according to claim 1, wherein 
said :o? ring has a plurality of s'jc:icn"hc:es connected to a 
vacuum source, whereby :he workpiece is att:a:iabie cc a 
lower surface of said top ring undcr'a vacuum ceveiotjed bv 
said vacuum, source. 

3. The poiishing apparatus according to ciai.m. 1, wherein 
said top ring com.prises a porous piate connected to a 
vacuum source, whereby the worhpiece is atracuble lo a 
lower surface of said porous plate under a vacuu.m devel. 
oped by said vacuum source. 

4. Tne pclishins appararus according to claim 1, and 
funher comorising at leas: one .n:s: pin mounted on ssid top 
r>.g drive shaft and a: least one second nin mounted on said 
top ring, said .nrs: pin and said second pin being held in point 
contact with each other such Lnat torque from said top ri.ng 
drive shaft is L-ansmuttcd to said top ring via said oins. 

5. A polishing apparams for polishing a surface of a 
workpiece. co.mprising: 

a a:rr.:abie having an abrasive cioth at an unoer surfac- 
thereof; 

a top ring positioned above said turntable for* supporung 
•Jic workpiece to be polished and pressing the* wcrk^ 
piece against said abrasive cloth; 
a top ri.ng zr.vz shaft coupled to said top r.-^: 
a spherical bearing interposed bcr^-en said too r.r.^ and 
said top ri.ng drive shar: for a]lo*-ing said :opr-,i --O 
upon changes in 'jte inclLnaticn of said uooer sun'ace c^* 
said tumtabie; 

a: least cr.z pin m.cuntcd on said top ring drive shift 
. and a: least one second pin .mour.ted'oc said tc? rins. 
said nrst pin and said second ?L- being held in poirt 
contact wi'j: each outer such ihat torque from, said top 
ring drive snzft is L-ansmutted to said'too ring vii said 
-' and 



damping m.eans provided on at least one of said r.rs: pin 
and said second pin for inhibiting the u^smissicn of 
vibrations t'rcm. said top ring drive shaft tc said top ring, 

6. :ne pciishing acpararjs according to claim* 5. wherefn 
said dam.oing m.eans com.prises ar. eiasuc m.em.ber m.ounted 
on at '.east one of said nrst pin and said second oin. 

7. A polishLng ippi.-ni:us for oolishins i surface of a 
work-piec:. comprising; 

a njmtihie huivin; m abrasive clcuh st an unoe: ^^^rzz^ 
thereof : 

a top ri-g positioned above said turntable for suot;orung 
the workpiece to be polished and ;ressing the wor^> 
piece against said abrasive clotit; 

a top rng drive shart coupled to said tc? rirg; 

a stationary mcm/ocr supposing said top ring drive shaft; 

1 iph:r:a: bcarr.g :r,:erposed between said top r.ng md 
said top ring crve shaft for ailcwing said top'ringx ;i:t 
upon eiiangcs in tne inc:inat:on of said upoer sur'ace of 
Siid turntable; end 

damping means for d:mp:n; s-d top nng drive shift, said 
damomg m.eans bo:ng :rcv.ccd zzv^'zzr. said top nng 
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cr.vc shaft ind said s:aucr.2r>* r.cnibcr supporJng said 
top nnc drive shaT:. 
S. T>.2 pciisrJng zzzz:22:s according :o claim 7. and 
f^jnhcr co.T.pnsL-g a ricizl interposed cc:w*sn Scic 

5 ar.lozzr^ T.trr.btr ar.d siid lop drive shan, and wherein 
$2:d Cintping means corrprises ar. 0*ria| interposed 
'3e:wren size radiil bearing ar.d said s:auor.ary .rxrr.Mr. 

9. Tr.z polishing appararus according :o clain: 7, wherein 
said da.-np:ng neans cor:prises oil supplying means for 
suppiying oi: into 2 space defir.ed bciwe-n said top ring 
drive shar. ar.d said s'^uonar^* rr.errber, 

10. Tr.z polishing sppararjs according 10 clain: 9. and 
nr:hcr cor.prisLng a radia: bearing interposed between said 
suiionar;- ner.ber and said top ring drivt shal:, zzc wherein 
said space is denned 'ociween said radiai bearing and said 

^- s:a:ionarv* r.err.bcn 

IL Tnc nolisi-^i-g appararjs according ;o ciaim 1. and 
f^nher con^prising biasing cncans for resiiicntly holding said 
top ring in a prede:em:uned plane w-ih respec: 10 said lop 
r.ng cp.vc shart- 
20 12. A pciishLsg apparatus for poiishing a s'jrface of * 
workptece. conpnsing*. 

z r^.iable havLng an abrasive cloth at an upper surt'ace 
thereof: 

a top rs.% positioned above said turntable for supponing 
•Jne wor!<p:ece to be polished and pressing ihe work- 
piece agains: said abrasive clor.; 

a -op ring drive shaft coupled to said top ring; 

a sphericai bearing interposed between said top ring and 
30 said top r,T,% drive shaft for allowing said top ring :6 tilt 
upon changes in the :nc:'lna::on of said upper surface 0: 
said rum table; and 

2 top ring holder n:ovably mounted on said top ring drive 
si-iaf:, 1 plurality of retaining menr/ocrs esientsing 
uvough said to? ring inolder and f.xed to said top r.:\g, 
and a p-'uraiity of springs between said top ring holder 
and said retaining mer.bers, said springs rcsiliently 
'urging said top ring holder against said top ring drive 
shaft to hold said top ring in a predeterrriaed plane with 
respect to said top ring ±rivc shaft. 

13. Tne polishing appararus according to ciaini 1. and 
funhcr connprising a transferring device provided in the 
vicinity 0: said tur::tabie for transferring the worispiece to 
said top said transferring dev-ice including holding 

•5 means for hoiding said woroiecc, and shock absorbing 
means for rcsilientiy supporing said holding means to 
suppress the ercc: of an impact on the wori:picce during the 
L-ansfer process. 

14. Tne polishing apparatus according to claim. 13, 
50 wherein the holding means cor.prise a suppoa m.cm/ocr 

having a suction hole coar.ucted to a vacuum, source for 
atL'Scting said workpicce 10 said si:;!Zor, -c.mben 

15. The :;oLisiiing appararus according to cl^im 13, 
wherein said shocic absorbing means com.prisc a spring for 

-3 urging said hoiding m.eans upwardly. 

Is.'The noiisining appararus according 10 claim 1, wherein 
said sphericai sea:s have :be sam.e coeiZicient of friction. 

17. A poiisining 2ppararus for pciishing a surface of a 
workpiect. com.prising: 
*^ a rum.tabic having an abrasive cloth at an upper surface 
tinereof; 

a top ring positioned above said rurr.'jibit for supposing 
the wcrkpicce to be polished anc! pressing the work- 
<^ piece against said abrasive c!ou-; 

1 top ring drive shaft coupiei :o seic -.op ring; 

2 p:a:e inierposcd between saic :op r.-.g ar.d said lop ring 
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drive jhaft, said plate having an annular lower projec- 
tion, at a lower surface thereof, which con:ac'j ihz 
upper sunace of said lop ring, pressure disL-:bu:ioa at 
the lower surface of said top ring beiag established by 
the area over which said lower projecdon contacts said 
top ring; and 

a spherical bearing mterposcd between said piate and said 
. top rir.g drive shaft, said spherical bearing comprising 
spherical scats formed in said plate azd in said top ring 
drive shaft, rcspecuvely and a single sphere seated in 
said seats so as to allow said top ring to d2: upon 
changes in the inclination of said upper sunace of said 
nrz'^ble. 

18. Tflc polishing apparatus according to claim 12. 
wbcrcin said top ring has a plurality of sucuon holes 
connected to- a vacuum source, whereby Lie wcrkpiece is 
a:u-actable to a lower surface of said top ring under a vacuum 
developed by said vacuum source; 

19. The polishing apparanis according to claim 11, 
wherein said top ring comprises a porous piate connected to 
a vacuum source, whereby the workpicce is aMctabie to a 
lower surface of said porous piaic under a vacuum devei- 
oped by said vacuum, source. 

20. Tne polishing appararjs according to claim. 12, and 
funher comprising at least one 5rst pin m^ounted on said top 
ring drive shaft and at least one seccjnd pin mounted on said 
top ring, said first pin and said second pin being* held in point 
contact with each other such tha: torque fronTsaid top" ring 
drive shaf: is transmitted to said top ring via said pins. " 

21. Tne polishing apparatus according to claim l/whcrcin 
said ramtable has an axis o: rotation extending parallel to 
and spaced from Lhe central longitudinal axis of said top ring 
drive shaft; and further com»prising an abrasive spray nozzle 
disposed above said turntable and oriented to direct ab,^ivc 
slurry onto the abrasive cloth a: a locauon spaced radially 
inwardly of the turntable from, the location at which the 
surface of a workpiccc is pressed against the abrasivs cloLn 
by said supporting and pressing member. 
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2Z A polishing apparatus for polishing a surface of a workpiece. comprising: 
a turntable having an abrasive cloth at an upper surface thereof: 
a top ring positioned above said turntable for supporting the workpiece to 
be polished and pressing the workpiece against said abrasive cloth: 
a top ring drive shaft coupled to said top ring: 

a bearing for allowing said top ring to tilt upon changes in the inclination of 
said upper surface of said turntable: and 

a plurality of biasing members rigidly attached to said top ring. 



23. A polishing apparatus for polishing a surface of a workpiece. comprising: 
a turntable having an abrasive cloth at an upper surface thereof: 
a top ring positioned above said turntable for supporting the workpiece to 
be polished and pressing the workpiece against said abrasive cloth: 
a top ring drive shaft coupled to said top ring: 

a bearing for allowing said top ring to tilt upon changes in the inclination of 
said upper surface of said turntable: and 

a plurality of biasing members rigidly attached to the periphery of said top 

ring. 



24. A polishing apparatus for polishing a surface of a workpiece. comprising: 
a turntable having an abrasive cloth at an upper surface thereof: 
a top ring positioned above said turntable for supporting the workpiece to 
be polished and pressing the workpiece against said abrasive cloth: 
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a top ring drive shaft coupled to said top ring: 

a bearing for allowing said top ring to tilt upon changes in the inclination of 
said upper surface of said turntable: and 

a plurality of biasing members rigidly attached to said top ring and 
positioned radially with respect to said driye shaft for biasing the periphery of said top 
ring. 



25. A polishing apparatus for polishing a surface of a workpiece. comprising: 
a turntable haying an abrasive cloth at an upper surface thereof: 
a top ring positioned above said turntable for supporting the workpiece to 
be polished and pressing the workpiece against said abrasive cloth: 
a top ring drive shaft coupled to said top ring: 

a bearing interposed between said top ring and said top ring drive shaft 
for allowing said top ring to tilt upon changes in the inclination of said upper surface of 
said turntable: and 

a plurality of biasing means rigidly attached to said top ring and positioned 
radially with respect to said drive shaft for biasing the periphery of said top ring. 
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IN THE UNITED STATES 
In re Reissue Application of: 
U.S. Patent No. 5,476,414 
Patentee: Masayoshi FIIROSE et al 
Issued: December 19, 1995 
Serial No.:T/B/A 
Filed: Concnanently herewith 
For: POLISHING APPARATUS 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

REISSUE PF CT.ARATION IFIVDER 37 .^.F.R. 8 1.175 
We, Masayoshi Hirose, residing in Tokyo, Japan; Manabu Tsujimura, residing in 
Tokyo, Japan; Seiji Ishikawa, residing in Tokyo, Japan; No io Kimura, residing in Tokyo, 
Japaa; and You Ishii, residing in Tokyo, Japan, do hereby ^ate and declare that: 

1 . We beheve we are the original joint inventois of the subject matter which 
is described and claimed in U.S. Patent No. 5,476,414 granted on December 19, 1995, 
and for which a reissue patent is sought on the invention emitled "POLISHING 
APPARATUS," This declaration is being filed concurrently with the reissue application. 

2. We claim priority under 35 U,S.C. § 1 1 9 to J apanese application 4-279344 
filed on September 24, 1992, and Japanese applications 4-2o5366 and 4-285367, both 
filed on September 30, 1992. 
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3. We hereby state that we have reviewed and i mderstand the contenls of the 
above-identified spedfication, including ihe claims. 

4. We acknowl edge the duty to disclose infom ation that is material to the 
examination of this application in accordance with 37 C.FJL § 1.56(a). 

5. We verily believe that U.S. Patent 5,476,4H is inoperative or invalid by 
reason of the patentee claiming more or less than we had t:ti, ; right to claim in the patent. 

6. Claims 1-21 ofU.S. Patent 5,476,414 claimed less than we had a right to 
claim in that independent claim 12 recites a polishing appjintus comprising a 
combination of features including a top ring holder, a plurality of retaining members 
extending through the top ring holder and a plurality of spii igs between the top ring 
holder and retaining members, while our invention is not so limited. This error is being 
relied upon as the basis for reissue. This error arose withoii: any deceptive intention on 
the part of the applicants. 

7. All other eiTOrs being corrected in this reissuj application arose without 
any deceptive intention on the part of the applicants. 

8. Wc hereby appoint the following attorneys to prosecute ihis application 

and transact all business in the Patent and Trademark Office connected therewith: 

FINNEGAN, HENDERSON, FARABOW, GABIIETT & DUNNER, L.L.P., 
Douglas B. Henderson, Reg. No. 20,291; ford F. Fj;abow, Jr., Reg. No. 20,630; 
Arthur S. Ganett, Reg. No. 20,338; Donald R. Dunner, Reg. No. 19,073; Brian G. 
Brunsvold, Reg. No. 22,593; Tipton D. Jennmgs, IV, Reg. No. 20,645; Jerry D. 
Voight, Reg. No. 23,020; Laurence R. Hefter, Reg. No. 20,827; Kenneth E. 
Payne, Reg. No. 23,098; Herbert H. Mintz, Reg. No. 26,691; C. Larry O'Rourke, 
Reg. No. 26,014; Albert J. Santorelli, Reg. No. 22,6: 0; Michael C. Ekner, Reg. 
No. 25,857; Richard H. Smith, Reg. No. 20,609; Ste ^hen L. Peterson, Reg. No. 
26,325; John M. Romary, Reg. No. 26,331; Bruce C Zotter, Reg. No. 27,680; 
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Dennis P. O'Reilley, Reg. No. 27,932; Allen M. Sokal. Ree. No. 7.6.691- Rnh^rt 
D. Bajefsky, Reg. No. 25,387; Richard L. Stroup, F.eg. No. 28,478; David W. 
Hill, Reg. No. 28,220; Thomas L. Irving, Reg. No. ;i8,619; Charles E. Lipsey, 
Reg. No. 28,165; Thomas W, Winland, Reg. No. 27,605; Basil J. Lewris, Reg. 
No. 28,818; Martin I. Fuchs, Reg. No. 28,508; E. Robert Yoches, Reg. No. 
30,120; Barry W. Graham, Reg. No. 29,924; Susan Habenuan Griffen, Reg. No. 
30,907; Richard B. Racine, Reg. No. 30,415; ThoniJS H. Jenkins, Reg. No. 
30,857; Robert E. Converse, Jr., Reg. No. 27,432; ClairX. Mullen, Jr., Reg. No. 
20,348; Christopher P. Foley, Reg. No. 31,354; MniC. Paul, Reg. No. 30,413; 
Roger D. Taylor, Reg. No. 28,992; David M. Kelly, Reg. No. 30,953; Kenneth J. 
Meyers, Reg. No. 25,146; Carol P. Einaudi, Reg. Nu. 32,220; Walter Y. Boyd, Jr., 
Reg. No. 31,738; Steven M. An2alone, Reg. No. 32,095; Jean B. Fordis, Reg. No. 
32,984; Barbara C. McCurdy, Reg. No. 32,120; James K. Hammond, Reg. No. 
31,964; Richard V. Burgujian, Reg. No. 31,744; J. Michael Jakes, Reg. No. 
32,824; Dirk D. Thomas, Reg. No. 32,600; Thomas W. Banks, Reg. No. 32,719; 
Christopher P. Isaac, Reg. No. 32,616; Bryan C. Dk er, Reg. No. 32,409; M. Paul 
Barker, Reg. No. 32,013; Andrew Chanho Sonu, Re j. No. 33,457; David S. 
Forman, Reg. No. 33,694; Vincent P. Kovalick, Reg. No. 32,867 

Please address all correspondence to FINNEGAN, HENT'lflRSON, FAJIABOW, 

GARRETT & DtJNNER, L.L.P., 1300 1 Street, N.W., Washington, D.C. 20005, 

Telephone No. (202) 408-4000. 

9. We hereby declare thai all statements made h erein of our own knowledge 

are true and that all statements made on information and bet ;ef are believed to be true; 

and further that these statements were made with the knowledge that willful false 

statements and the like so made are punishable by fine or iijiprisonment, or both, under 

Section 1001 of Title 18 of the United States Code and thatiiuch willful false statements 

may jeopardize the validity of the application or any patent issued thereon. 



DEC 16 '97 04:07 



313970311140001 PfiGE.04 



'97 12/16 17:51 ©0466 82 9239 



Hoos 



Full Name of First Inventor 
Masayoshi HIROSE 



Inventor's Signature 



Residence 
Tokyo, Japan 



Date 



Citizenship 
Japan 



Post Office Address 

c/o Ebara Corporation, 11-1, Haneda Asahi-cho, Ohta-ku, Japan 



Full Name of Second Inventor 
ManabuTSUJIMURA 



Inventor's Signature 



Residence 
Tokyo, Japan 



Date 



Citizenship 
Japan 



Post Office Address 

c/o Ebara Corporation, 11-1, Haneda Asahi-cho, Ohta-kii, .Tapan 



Full Name of Third Inventor 
SeijilSmKAWA 



Inventor's Sir,natiire 



Residence 
Tokyo, Japan 



Date 



Citizenship 
Japan 



Post Office Address 

c/o Ebara Corporation, 1 M, Haneda Asahi-cho, Ohta-ku, Japan 



Full Nanie of Fourth Inventor 
Norio KIMURA 



InvejiJpr's^Sig nature 



Residence 
Tokyo, Japan 



Date 



Citizenship 
Japan 



Post Office Address 

c/o Ebara Corporation, 1 M, Haneda Asahi-cho, Ohta-ku, Japan 
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Full Name of Fifth Inventor 
YouISHII 


Inventor's S gnature 


Date 


Residence 
Tokyo, Japan 


Citizenship 
Japan 


Post Office Address 

do Ebara Corporation, 1 M, Haneda Asahi-cho, Ohta-kii, Japan 
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